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P. H. Thonas

Introduction.

I~ F.R. Note 163/1955 (1) Blok's (2) ana~sis for the transient
heating 'of a circular area without cooling was given. Steady state
t6I!1[lCrat~:res "l'dth cooling were also derived. The 'present note gives
the tc:;worature at the centre of circular area at various times with
differont degrees of coo'l.Ing, The work is 'relevant to the, use of
small irradiated areas to represent large areas and 'allows some estimate
to be rrade of the time for which the small area behaves as a large one.

Thoory

Let t) be the temperature
I the incident flux
H the cooling coefficient
K the thermal conductivity
h the quotient HjK ',: ,! the densdty ,',; , '
o the specific heat ' ~

, ' '"k the thermal diffusity, ,I(JC
'Y", z cylindrical coordinates

x y z as.rtesion coordination
". J t the time

and R the 'radius of heat~d ~ea

We make use of Green's function for a point some at x ' y' Z,I in a semi­
infinite solid (x,o),vi,ith radiation at.the boundal"y, X =: 0 to a medium
at aero bemper-ature, ' , This function is given by ,Cars)aw and Ja.eger in
liThe Conduction of heat in s61ids tl (3). If u is the t'e'mperature due to
an instantaneous point source of unit strength at x', s', Z f, the

te_rature ~t ~) Y. zr~aG;~ta. t'-~,u~t} ~ (~c ~·U~ ->:')')
It :B(1I~tYh. ( 1- £. -e. '. ~

, !L ' \D .~~ (', ~.J:j I -t .t./It\ ~'
- 4 rrf{ t ;" I 2.~ ~ t ,).- "', '

U ' l'1 -"I' >'-t{2. ....] .
'(; -e ',II"L! ~ .. ,1') j -R. H - . '1- ftl~J.; ..· (1 J

co~tiriuous ~~urce of ·strengt~'·-Pt~(over ~) at x' ': 0" and' J )/.."2.7 '1' 2­

to'-( the temperature at X'l;> y": Z = 0 at time It' is, from (1).
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The solution to the integral of the first term in 'the first
bracket in equation 0) is the result for a heated disk with no .surf'ace
cooling and is equal.to Blok'~. (2) res~lt , ,

•••••• (5)

A - B-
C1H ~o '

I\<- .

K
, , '

This has been numerically evaluated and in Fig. (1) are shown the, "
resulting values: of e' for variOus. value of hR, ~d *llR,"- 'For, th? ~t~ad.Y '
state the value of e has been- obtained analytically (1) 'as .." ,

e-
-TR\or-KC

. ,"~]I (;l (i~R\ - \:'(kR)\~'+_ " r ,\) , .. J) ,
~,~.,' L ' ,:', ,

_, ••,- •• '(7)

.... ,

Where Y1 is Weber's Bes se L fW1ct~on of the second kind of the first
order and H1 is struve's func t i.oniof the first order. ,

It is possible to find the, values off(~"iat which the temperature'
at the centre of the circle is, say, 1~~ and 20~ less than it would be
for a plane .source , These values of 1ZJ"1R\are shown in rig. (2) as' a
functi,?n of h R, VI hile in Fig. (3) h2kt is shown as 0. function of
pR for 10f~ &, 2Q:; error. For any h, R, and k it is thus possible to finO.
'the maximum duration.: of heating for 'l'Jhicl}, a, small source is sensibly
similar to a large source., '
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FIG. I. TRANSI ENT TEM PERATURE AT CENTRE OF HEATED DISK
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